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                              Synopsis I
SYNOPSIS 
 
 
The thesis entitled “Total synthesis of substituted tetrahydropyran ring 
containing natural products and development of new methodologies using PEG as 
recyclable medium” is divided into four chapters.  Chapter-I deals with an introduction 
to substituted tetrahydropyran ring containing natural products and previous approaches 
to (-)-centrolobine. 
Chapter-II is further divided into two sections.  Section-A deals with the Asymmetric 
synthesis of the pyran antibiotic (-)-centrolobine.  Section-B deals with the first total 
synthesis of (-)-diospongin B.  Third Chapter deals with an introduction to poly (ethylene 
glycol) (PEG). Chapter-IV is further divided into two sections.  Section-A deals with the 
hydrogenation and hydrogenolysis with Pd/C in poly (ethylene glycol) (PEG): A practical 
and recyclable medium.  Section-B deals with the Pd/CaCO3 in liquid poly (ethylene 
glycol) (PEG): An easy and efficient recycle system for partial reduction of alkynes to 
cis-olefins under hydrogen atmosphere. 
 
Chapter-I: This chapter deals with an introduction to substituted tetrahydropyran ring 
containing natural products and previous approaches to (-)-centrolobine. 
 
Chapter-II: 
Section-A:  Asymmetric synthesis of the pyran antibiotic (-)-centrolobine. 
 (-)-Centrolobine, 6[β(p-hydroxyphenyl) ethyl]-2-(p-methoxyphenyl) 
tetrahydropyran (Figure 1) was a crystalline substance isolated from the heartwood of 
Centrolobium robustum and from the stem of Brosinum potabile in the Amazon forest. 
                              Synopsis II
 (-)-Centrolobine is a 2,6-disubstituted tetrahydropyran with antibiotic properties. 
Recently, (-)-centrolobine and related natural products have been shown to be active 
against leishmania amazonenis promastigotes a parasite associated with leishmaniasis, a 
major health problem in Brazil. 
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Figure 1 
 The impressive biological activity has led to efforts directed towards the total 
synthesis of this molecule.  The first enantioselective total synthesis of (-)-centrolobine 
was reported in 2002 by Colobert co-workers and subsequently by some other groups. 
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Scheme 1: Retrosynthetic analysis 
 
 
                              Synopsis III
 Our retrosynthetic analysis (Scheme 1) of (-)-centrolobine revealed two 
fragments 2 and 3.  Fragment 2 was prepared from 4-tosyloxy benzaldehyde and 
fragment 3 was synthesized from ethyl para-hydroxy benzoate. 
 4-Tosyloxy benzaldehyde was subjected to Keck allylation with allyltributyltin in 
the presence of (S)-BINOL and Ti (OiPr)4 to produce homoallylic alcohol 4 in 73% yield. 
Protection of the 20 hydroxyl group as the TBS ether followed by detosylation and 
methylation furnished 5 in 53% overall yield.  One-pot ozonolysis-Wittig olefination was 
quite effective to give the α,β-unsaturated ester 6 in 84% yield.  The compound 6 was 
treated with Mg/MeOH to furnish 7 in 81% yield.  The saturated ester was reduced with 
LiAlH4 in THF to afford alcohol 8 in 76% yield (Scheme 2). 
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                              Synopsis IV
 The compound 3 (Horner phosphonate) was synthesized from readily available 
ethyl para-hydroxy benzaldehyde.  The protection of the hydroxyl group as its benzyl 
ether using K2CO3, benzyl bromide in acetone under reflux condition to afford compound 
11 in 82% yield.  The compound 11 was treated with n-BuLi and methyl diethyl 
phosphonate in THF at –78 0C for 2 hrs to produce compound 3 in 79% yield (Scheme 
3). 
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To install the requisite of enone 9 for intramolecular oxy-Michael reaction, the 10 
hydroxy group in 8 was oxidized with IBX to 5-aryl pentanaldehyde derivative 2 in 80% 
yield (Scheme 4).  Which on further homologation with Horner’s phosphonate 3 under 
mild basic conditions provided the key synthon 9 in 81% yield.  Exposure of silyl ether-
enone 9 to HF-pyridine triggered in situ silyl cleavage, followed by intramolecular oxy-
anion Michael addition to provide substituted pyran 10 in 4 h in 80% yield.  The ‘syn’ 
selectivity of the 2,6-Substituted pyran was confirmed by cleavage of the benzyl ether 
with Pd/C/HCl to furnish pure (-)-centrolobine. 
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 In summary we have achieved the stereoselective total synthesis of (-)-
centrolobine.  This general strategy for synthesizing of cis-pyran skeleton should allow 
the preparation of structurally related compounds. 
 
 
 
 
 
 
 
                              Synopsis VI
Section-B:   First total synthesis of (-)-Diospongin B. 
(-)-Diospogin B (Figure 2) was isolated in 2003 from the rhizomes of Dioscorea 
spongiosa.  (-)-Diospongin B is a 2,4,6-trisubstituted tetrahydropyran with anti-
osteoporotic acitivity.  Many examples posses a substituted tetrahydropyran core and 
show excellent biological properties.  We have been interested in the total synthesis of 
bioactive natural products, which contain substituted tetrehydropyran rings.  As part of 
our research programme, we report herein the first total synthesis of  (-)-diospongin B  
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Our retrosynthetic analysis outlined in Scheme 5 
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Scheme 5: Retrosynthetic analysis 
 
  
                              Synopsis VII
The first total synthesis of (-)-diospongin B has been achieved starting from 
commercially available benzaldehyde using Keck allylation, a base catalyzed conjugate 
addition of α,β-unsaturated ester and an intramolecular oxy-Michael reaction as the key 
steps. 
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Initially the benzaldehyde was treated under standard Keck allylation protocol to 
afford phenyl carbinol 12 with high yield and good ee.  The phenyl carbinol 12 was 
subjected to one-pot ozonolysis-Wittig olefination with the stable ylide, 
ethoxycarbonylmethylene triphenylphosphorane to furnish the α,β-unsaturated ester 13 in 
79% yield (Scheme 6).  The protected syn 1,3-diol 14 was prepared in 61% yield by a 
base catalyzed intramolecular conjugate addition using PhCHO, t-BuOK in THF.  The 
reduction of the ester group in compound 14 with LiAlH4 in THF gave compound 15 in 
77% yield.  
                              Synopsis VIII
 In compound 15, the primary alcohol group was oxidized to the aldehyde using 
IBX in THF/DMSO at rt.  The corresponding crude aldehyde was immediately treated 
under Witting conditions using with phenacyltriphenyl phosphonium bromide and t-
BuOK in THF gave the required E-enone 16 in 77% yield over two steps (Scheme 7). 
Finally, hydrolysis of the benzylidene acetal group as well as intramolecular oxy-
Michael addition was successfully achieved in one-pot with 50% TFA in CH2Cl2 to 
furnish the optically pure (-)-diospongin B as a single isomer in 69% yield. 
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 To confirm the stereochemical outcome of the oxy-Michael reaction, extensive 
NMR studies were conducted on (-)-diospongin B.  The assignment of the structure and 
stereochemistry of compound 17 was achieved by incisive and detailed two-dimensional 
NMR studies, NOESY, HSQC and HMBC. 
 In conclusion, the first total synthesis of (-)- diospongin B has been achieved 
successfully with 16% overall yield. 
                              Synopsis IX
CHAPTER-III:     This chapter deals with an Introduction to PEG 
CHAPTER-IV:      
 
Section-A:  Hydrogenation and hydrogenolysis with Pd/C in poly (ethylene glycol) 
(PEG): A practical and recyclable medium. 
 Pollution control demands are a source of inspiration to design and develop new 
catalysts and solvent media for achieving high efficiency.  Towards this goal, many 
catatlytic systems have been invented and demonstrated.  Recently attention has been 
drawn to the development of environmentally benign solvents such as ionic liquids, poly 
(ethylene glycol) (PEG) are a few of the new additions. 
 We initiated a programme to use eco-friendly solvents to develop new 
methodologies.  In this part of programme, we have used PEG (400) as an eco-friendly, 
non-toxic, non-flammability and reusable solvent.  
 Pd/C in PEG has been found to be an efficient reusable reaction medium for the 
hydrogenation and hydrogenlysis.  Both the catalyst and PEG were recycled efficiently 
without appreciable loss of activity. 
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Table 1. Hydrogenation and hydrogenationalysis in PEG using Pd-C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 In conclusion, this methodology describes hydrogenation and hydrogenolysis in 
PEG as a recyclable solvent medium.  The Pd/C catalyst was found to be recycled 
efficiently for 4 runs. 
                              Synopsis XI
Section-B: Pd/CaCO3 in liquid poly (ethylene glycol) (PEG): An easy and efficient 
recycle system for partial reduction of alkynes to cis-olefins under a H2 atmosphere. 
 The solvent is recycled to the fullest extent and the catalyst remains throughout in 
the solvent medium and without losing activity for several runs. 
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 In the first instance 2 grams or PEG (400), 3-octyne-1-ol (630mg, 5 mmol), 5% 
Pd/CaCO3 (5mg, 0.5 mol%) and two drops of quinoline were stirred under hydrogen for 5 
hrs.  Anhydrous ether (10ml) was added, the mixture stirred for 5 min and the reaction 
allowed to settle for 10 min cooling in an acetoin-dryice bath caused solidification of the 
PEG with the catalyst entrapped in this solid.  This technique allowed us to decant the 
ether layer without loss of PEG or catalyst.  This sequence was repeated twice with 10 ml 
portions of ether to extract the product.  The residual PEG catalyst complex was brought 
to rt for liquefacation.  This mixture was utilized in further runs by an addition of 3-
octyn-1-ol and two drops of quinoline then exposure to hydrogen.  To our pleasant 
surprise even after four runs consistent partial reduction with approximately 90% yield of 
products was achieved. 
 
  
 
 
                              Synopsis XII
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Table 1. Recycling of Pd/CaCO3 catalyzed partial reduction
of  alkynes to cis-olefins in PEG.
a) Isolated yields of products after column chromatography.
b) t = time in hours, y = yield in %.
c) Not done.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Overall, the goal of the study has been to evaluate PEG as an inexpensive, 
non-volatile, non-pyrophoric, eco-friendly and the appropriate solvent for catalyzed 
reductions. 
 
 
 
 
